The purpose of the study was to examine the association of the frequencies of milk and dairy product consumption with subjective sleep quality during the training period in Japanese elite athletes. In this cross-sectional study, 682 Japanese elite athletes who were candidates for the 2016 Rio Olympic Games underwent medical evaluations at the medical center of The Japan Institute of Sports Sciences. Self-reported questionnaires were used to collect information on demographics and lifestyle (age, height, weight, sports, presence of milk allergy, smoking and drinking habits), subjective sleep quality (good, normal, or poor), bedtime, waking time, sleep duration, and frequencies of milk and dairy product consumption. Data from 679 athletes (379 men, 300 women) without milk allergy, were analyzed. Based on the frequencies of both milk and dairy product consumption, the athletes were divided into three groups: low (0-2 d/wk), middle (3-5 d/wk), and high (6-7 d/wk). Multiple logistic regression models showed that in comparison with the low milk consumption group, the middle [OR (95% CI): 0.48 (0.26-0.91)] and high groups [0.38 (0.21-0.71)] were significantly associated with a lower risk of decrease in subjective sleep quality (0: good, 1: normal or poor) only in women, after adjusting for possible confounders, such as smoking, drinking habits, and sleep duration. Accordingly, the present study elucidated that a greater frequency of milk consumption was significantly associated with a lower risk of decrease in subjective sleep quality, during training periods in women.
Summary
The purpose of the study was to examine the association of the frequencies of milk and dairy product consumption with subjective sleep quality during the training period in Japanese elite athletes. In this cross-sectional study, 682 Japanese elite athletes who were candidates for the 2016 Rio Olympic Games underwent medical evaluations at the medical center of The Japan Institute of Sports Sciences. Self-reported questionnaires were used to collect information on demographics and lifestyle (age, height, weight, sports, presence of milk allergy, smoking and drinking habits), subjective sleep quality (good, normal, or poor), bedtime, waking time, sleep duration, and frequencies of milk and dairy product consumption. Data from 679 athletes (379 men, 300 women) without milk allergy, were analyzed. Based on the frequencies of both milk and dairy product consumption, the athletes were divided into three groups: low (0-2 d/wk), middle (3-5 d/wk), and high (6-7 d/wk). Multiple logistic regression models showed that in comparison with the low milk consumption group, the middle [OR (95% CI): 0.48 (0.26-0.91)] and high groups [0.38 (0.21-0.71)] were significantly associated with a lower risk of decrease in subjective sleep quality (0: good, 1: normal or poor) only in women, after adjusting for possible confounders, such as smoking, drinking habits, and sleep duration. Accordingly, the present study elucidated that a greater frequency of milk consumption was significantly associated with a lower risk of decrease in subjective sleep quality, during training periods in women. Key Words milk, dairy products, subjective sleep quality, elite athletes, cross-sectional study In Japan, the popularity of sports has been greater than ever because of elite athletes who are at the forefront of society, and social demand for activities aimed at extending healthy life expectancy. Many elite athletes experience changes in sleep environments, owing to participation in international competitions and practicing with coaches and other athletes to improve their performance. They may experience sleep problems because of anxiety, thoughts of upcoming competitions (1, 2) , or intense physical demands (i.e., exercise volume (3), intensity (4) , and timing (5)). In fact, a previous cross-sectional study using the Pittsburgh Sleep Quality Index has reported that 129 (28.0%) Japanese elite athletes, candidates for the 17th Asian Games Incheon 2014, were assessed as experiencing poor sleep quality (6) . Although the management of sleep quality can be an important part of preparation and recovery for athletes, novel strategies for preventing poor sleep quality have not been fully examined.
Many reports have examined associations between sleep quality and exercise performance (7) . For example, previous crossover studies have reported that after 30 h of sleep deprivation, athletes showed decreased sprinting performance and muscle glycogen storage (8); they also showed decreased endurance, as assessed by a 30-min self-paced treadmill distance test (9) . In addition, 2-3 h of sleep restriction in healthy subjects resulted in impairment in specific aspects of performance, such as serving accuracy in tennis players (10) and lifting ability in weight-lifting tasks (deadlift, leg press, bench press, and biceps curl) (11) . Therefore, alteration of sleep quality may influence not only aerobic and anaerobic exercise performance, but also the performance of techniques that are specific for each sport.
On the other hand, few recent studies have reported associations of milk and dairy product consumption with sleep quality. A previous cross-sectional study has reported that the frequency of milk consumption was positively associated with sleep duration in adolescents (12) . In addition, a randomized double-blind crossover study has reported that ingestion of fermented milk before bedtime resulted in significantly improved sleep efficacy and a reduction in waking episodes in older people (13) . These reports suggest that milk and dairy product consumption may be able to improve sleep quality. Even though Hoshikawa et al. reported that factors, such as time in bed, eating breakfast every morning, and depressive mood, were associated with subjective sleep quality (6), to our knowledge, there have been no studies that directly examined the association of milk and dairy product consumption with sleep quality in elite athletes. Therefore, the present study aimed to investigate the association between the frequency of milk or dairy product consumption and subjective sleep quality during training periods in Japanese elite athletes.
Methods
Investigation and subjects. In Japan, athletes who are candidates for the Olympic games are required to undergo medical evaluations, which take place, at the request of the Japanese Olympic Committee, at the medical center of the Japan Institute of Sports Sciences (JISS) before every Olympic game. A total of 682 Japanese elite athletes (381 men, 301 women) underwent medical evaluations at the medical center of the JISS for the 2016 Rio Olympic games, and we selected all of them as our study participants. The present study was approved by the ethics committee of the JISS (No. 016), and was performed in accordance with the Declaration of Helsinki. Informed consent was obtained from all subjects.
For this cross-sectional study, data were collected from February 2016 through July 2016. Self-reported questionnaires were used to collect information on demographics and lifestyle (age, height, weight, sports, presence of milk allergy, smoking and drinking habits), and to assess subjective sleep quality. Participants responded to the request, "Please describe the current state of your sleep quality," on a 3-point Likert scale, with responses ranging from "good" to "poor." Self-reported subjective sleep quality has been demonstrated to be significantly associated with the number of awakenings and percentage of slow-wave sleep during the night as assessed by polysomnography (14) . Body mass index (BMI) was calculated based on self-reported height and weight [weight/height 2 (kg/m 2 )]. In addition, we calculated the sleep duration and midpoint of sleep based on the reported bedtime and waking time. To evaluate the frequencies of milk and dairy product consumption, the participants were asked, "On how many days per week did you consume milk [or other dairy products, e.g., cheese and yogurt] during your regular training period, based on your memory of the past 1 year." Well-trained registered dietitians at the JISS confirmed the information collected.
Statistical analysis. Table S1 ). Values were expressed as median (95% confidence interval) or as number (%). Based on the frequencies of either milk or dairy product consumption, we divided the subjects into 3 groups: low (0-2 d/wk), middle (3-5 d/wk), and high (6-7 d/wk) consumption. We reorganized the subjective sleep quality categories from the original 3-point Likert scale (good, normal, poor) into 2 categories [good, other (normal or poor)] to cover more broadly the participants having a potential risk of bad sleep based on the self-reported data, and to examine the association of frequencies of milk or dairy product consumption with subjective sleep quality. The Goodman-Kruskal gamma coefficient was used to measure associations between frequencies of milk or dairy product consumption and subjective sleep quality. Multivariate logistic regression models were used to analyze associations between the frequencies of milk or dairy product consumption and subjective sleep quality (dummy: good50, normal or poor51). In addition, because a previous cross-sectional study reported that athletes from individual sports showed more sleep difficulties than team-sport athletes (15), we separated the 47 competitive sports into two types (dummy: individual sports50, team sports51), and performed the multivariate logistic regression analyses using the type as a confounding variable. Model 1 used age, sex (only for all subject data), type of sport, and BMI as measurement variables; Model 2 was model 1 with smoking habits (except for women) and drinking habits added to the set of measurement variables; Model 3 was model 2 with midpoint of sleep and sleep duration added. Furthermore, we also confirmed the results of the stratified analysis by sex in order to thoroughly examine the effects of sex. All statistical analyses were performed with the SPSS statistical software package (IBM SPSS V.24.0 for Windows, SPSS Japan). p values,0.05 using two-tailed tests were considered statistically significant.
Results
According to the results of the self-reported questionnaire item on the frequency of milk and dairy product consumptions, the 679 subjects were divided as follows: 11.8% in the low, 25.3% in the middle, and 62.9% in the high group; the 379 men were divided as 15.6% in the low, 27.7% in the middle, and 56.7% in the high group; and the 300 women were divided as 7.0% in the low, 22.3% in the middle, and 70.7% in the high group. According to the frequency of milk consumption, the 679 subjects were divided as follows: 42.0% in the low, 29.3% in the middle, and 28.7% in the high group; the 379 men were divided as 45.4% in the low, 27.7% in the middle, and 26.9% in the high group; and the 300 women were divided as 37.7% in the low, 31.3% in the middle, and 31.0% in the high group. Based on the frequency of dairy product consumption, the 679 subjects were divided as follows: 23.6% in the low, 36.8% in the middle, and 39.5% in the high group; the 379 men were divided as 30.6% in the low, 36.4% in the middle, and 33.0% in the high group; and the 300 women were divided as 14.7% in the low, 37.3% in the middle, and 47.8% in the high group. Demographic information for the 679 subjects is presented in Table 1 . No significant associations of sex with type of sport, subjective sleep quality, or frequency of milk or dairy product consumption were observed. The men showed significantly higher values of age, height, weight, BMI, waking time, bedtime, midpoint of sleep, and sleep duration, although they showed a lower frequency of dairy product consumption than the women (p,0.001).
As seen in Table 2 , there was no significant association between the total frequency of milk and dairy consumption and subjective sleep quality in either all subjects or sexes. While there was also no statistically significant association between subjective sleep quality and frequency of milk consumption in all subjects and men, a greater frequency of milk consumption was significantly associated with good subjective sleep quality in women (g520.340, p,0.001). There was no significant association of dairy product consumption with subjective sleep quality in either all subjects or sexes.
For the multivariate models, the associations of the frequencies of both milk and dairy product consumption with subjective sleep quality are presented in Table  3 . There were no significant associations of the total frequency of milk and dairy consumption with subjective sleep quality either in all subject data, or in the split data for men and women, in any model. When we stratified the analysis by sex, the frequency of milk consumption in the middle and high groups was significantly associated with a lower risk of decrease in subjective sleep quality, as compared with the low group in women. Based on model 1, adjusting for age, type of sport, and BMI, the odds ratio (OR) (95% CI) was 0.53 (0.30-0.96) in the middle group, and 0.36 (0.20-0.66) in the high group. In model 2, when we added drinking habits, this result was almost unchanged. In model 3, after adjusting for model 2 plus midpoint of sleep and sleep duration, the association of frequency of milk consumption decreased slightly but remained at a significant level [0.48 (0.26-0.91) for the middle group, and 0.38 (0.21-0.71) for the high group]. There was no statistically significant association of frequency of dairy product consumption with subjective sleep quality in any model. In men, there were no statistically significant associations of the frequencies of either milk or dairy product consumption with subjective sleep quality in any model.
Discussion
The present study investigated the association of frequency of milk or dairy product consumption with subjective sleep quality, in Japanese elite athletes who attended the medical evaluations for the 2016 Rio Olympic Games. We found no associations of frequencies of either milk or dairy product consumption with subjective sleep quality in men. However, a higher frequency of milk consumption in women was significantly associated with a lower risk of decrease in subjective sleep quality, even after adjusting for possible sleep quality-related confounds, such as smoking habits (16), drinking habits (17) , and sleep duration (18) . Considering the fact that self-reported subjective sleep quality (i.e., good, normal, and poor) was reported to be significantly associated with objective variables observed by polysomnography in healthy subjects (14) , the assessment of subjective sleep quality can be useful for maintaining athletes in optimal condition. To the best of our knowledge, the present study is the first to demonstrate an association of milk consumption with sleep quality and reveal the significance of milk consumption in Japanese elite athletes.
Milk and dairy products are known as tryptophanrich foods, and tryptophan (TRP) is a precursor to serotonin and melatonin, which play crucial roles in enhancing sleep quality (19, 20) . Melatonin is a neurohormone secreted mainly at night. It acts as the signal of darkness, and is inhibited by light; briefly, melatonin regulates the timing of sleep and wakefulness (21) . A double-blind randomized crossover study found that in 12 healthy subjects (aged 23-55 y, including 6 women), consuming 2.3 g or 0 g of TRP at 18:00 resulted in a 144% increase or an 88% decrease in serum TRP at 22:00, respectively (22) . Thereafter, the subjects with 2.3 g of TRP showed a significant decrease in the number of waking periods and in the number of rapid eye movements (REM), and an increase in the first and second REM-period intervals, compared to those consuming no TRP. In addition, a previous crossover study examining the dose-response effects of TRP on subjective sleepiness in healthy women (aged 22-38 y) reported that plasma TRP levels with TRP ingestion of 0.5 g doubled 120 min later, and the levels after ingestion of 1 g tripled 90 min later, compared with the TRP levels produced by ingestion of 0 g. Six of the subjects with ingestion of 0.5 g, and all with ingestion of 1 g, showed subjective sleepiness 120 min later (23) . Although the amount of TRP in milk per portion size (0.11 g/240 mL) does not match the amount of TRP investigated in these previous studies, higher amounts and habitual milk consumption may be associated with sleep quality in light of this dose-response association for TRP intake. Therefore, TRP obtained from consumption of milk can increase serum TRP levels, and thereby improve both subjective and objective sleep quality, Values are expressed as number (%). 1 Goodman-Kruskal gamma coefficient was used to examine associations between frequencies of milk or dairy product consumption and subjective sleep quality. Table 3 . Associations of milk and dairy product consumption with subjective sleep quality, based on multivariate regression.
though there is no study directly examining the causal effect of milk and dairy product consumption on sleep quality in athletes. Further studies using longitudinal and experimental designs are needed to investigate the causal effects of TRP derived from milk or dairy products on subjective sleep quality. In the present study, considering the differences of sleep quality parameters (e.g. waking time, bedtime, and midpoint of sleep) and dairy product consumption between sexes, we performed multiple regression analyses in the split data for men and women. While there were no significant associations between subjective sleep quality and either the total or frequency of both milk and dairy product consumption in all subject data, there was a sex difference in the association between frequency of milk consumption and subjective sleep quality. A previous double-blind crossover study examining sex differences in the effect of 0.5 g TRP on subjective sleep parameters (including sleep quality, sleep latency, and sleep depth) suggested that women had a more sensitive response to TRP intake than men did (24) . Moreover, estrogens increase the availability of TRP to the brain in that they increase plasma free TRP levels (25) , suggesting that women may be more sensitive to the effect of TRP on subjective sleepiness than men. Therefore, menstrual cycles may be associated with our results, because estrogen secretion differs at each phase. Consequently, it is possible that the differences in the associations of subjective sleep quality between women and men were due to the role of estrogens. Longitudinal or interventional studies are needed to elucidate whether the consumption of milk or dairy products has a certain effect on sleep quality in elite athletes, and the optimal time and quantity for obtaining a positive effect in either sex.
The present study showed that the frequency of milk consumption was significantly associated with subjective sleep quality in women, while the frequency of consumption of other dairy products was not. A previous cross-sectional study supports our findings that consumption of milk is associated with sleep quality, indicating that milk consumption was significantly associated with difficulty in initiating sleep in older people, while dairy product consumption was not (26) . That study also found that although the frequency of milk consumption was lower than that of dairy product consumption, the total amount of milk consumption was higher than that of dairy product consumption. Since our study collected only data about the frequencies of milk and dairy product consumption, further study is needed to assess the effects of amount and portion size.
The present study has several limitations. First, the data are based on subjective evaluations. However, subjective sleep quality is as important as objective measures of quality, assessed by actigraphy and polysomnography, in terms of athlete conditioning. Second, the analyses could not exclude effects of physical activities and light exposure (e.g., bedtime smart phone use). Previous studies have reported that exercise volume (3), intensity (4), and timing (5) affected sleep quality. However, a previous study in Japanese elite athletes showed no significant association between self-reported sleep quality and hour of training-practice per week (6) . Although these results are controversial, distributions of exercise volume and intensity in the elite athletes are assumed to be similar because elite athletes are practicing at a similar level and with very high intensity. In addition, light exposure has been reported as an important influence on wakefulness and sleep (27) . Thus, those factors should be explored in further studies. Third, we did not address the timing or amount of milk and dairy product consumption, because of limited information. However, an effect of daytime TRP intake on objective sleep quality during the night-time has been suggested (28) . Therefore, it is likely that TRP intake derived from milk ingested during the day may also affect the night's sleep. To investigate the importance of sleep management using milk and dairy products, further studies should take the timing of consumption into consideration. Finally, the present study design is a cross-sectional study, and therefore causality in the association between subjective sleep quality and frequencies of milk and dairy product consumption cannot be proved.
In conclusion, we observed an association between frequencies of milk or dairy product consumption and subjective sleep quality, using a self-reported questionnaire. A greater frequency of milk consumption was significantly associated with a lower risk of a reduction in subjective sleep quality during training in women, even after adjusting for a variety of sleep-related factors (smoking habits, drinking habits, and sleep duration), but not associated with sleep quality in men. Although some main dish foods, such as beef, chicken, and fish, may have higher amounts of TRP than milk does, milk is one of few foods that are not high-cost or difficult to obtain; in addition, milk is drinkable. Moreover, these main dishes are commonly consumed by the general population daily; whereas the frequency of milk consumption varies widely in our population. In other words, a strategy involving milk may be a practical approach to encourage athletes to improve their lifestyles and maintain their sleep quality.
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